Purpose. Biofilms comprise bacterial populations enclosed in a matrix that attaches to surfaces such as medical stents. We characterized the biofilm components in occluding pancreatic stents and investigated potential factors for the formation of the biofilms.
INTRODUCTION
Endoscopic placement of stents has played a great role in the management of pancreatic diseases, including acute and chronic pancreatitis, pancreatic ductal leaks and pancreatic strictures. The risk of pancreatitis during endoscopic retrograde cholangiopancreatography (ERCP) can be reduced by using pancreatic stents [1] . Pancreatic stents are generally made of polyethylene and both 5 Fr and 7 Fr stents are used in patients with non-dilated ducts to decrease intraductal pressure, restore luminal patency in pancreatic strictures and bypass obstructing stones [2] . However, stents are likely to become occluded by biofilms when left in situ for a long time [3] . The sphincter of Oddi acts as a natural microbial barrier that, when breached due to stent placement, leads to bacterial colonization [4] . Bacteria, largely from the gut (and many uncultivable by routine methods), enter the pancreatic lumen and are entrapped in a matrix comprising proteins, polysaccharides, nucleic acids and lipids in differing quantities, leading to biofilm formation [5] .
Biofilm formation can lead to stent occlusion and is a significant cause of morbidity and mortality as the ensuing infections can be unmanageable by conventional antibiotic treatment [6] . Repeat procedures are required every time a stent becomes occluded, resulting in poor quality of life and an increase in medical expenses. There are scant data in the literature identifying various organisms in pancreatic biofilms. The aim of the present study was to identify various micro-organisms by the molecular method and quantify the other major constituents, i.e. proteins and polysaccharides, involved in biofilm formation in pancreatic stents. The final scope was to analyse the clinical implications of these findings and discuss the various predisposing factors associated with biofilm formation in the pancreatic stents.
METHODS

Study population
This prospective study was conducted at the Postgraduate Institute of Medical Education and Research, Chandigarh, India. During the period of study (April 2012 to March 2014) all consecutive patients requiring pancreatic stent retrieval were included. The Institute Ethics Committee, operating under the guidelines of the Declaration of Helsinki, approved the study (Micro/10/1730). Informed consent was taken in writing from all of the patients in the study. Clinical and demographic information pertaining to each patient was recorded. The duration of in situ stents was also noted. Diagnosis of pancreatic disease was made by clinical presentations and by imaging.
Stent retrieval and quantification of proteins and polysaccharides
The pancreatic stent from each patient was grasped with a sterilized snare during duodenoscopy and retrieved through the endoscope using radiological guidance. The intraductal portion of the pancreatic stent was cut off with sterile scissors, rinsed with sterile saline and put into a sterile container for immediate processing by the microbiology division of the department. The proteins were quantified [7] using the modified Lowry method as described by Raunkjr et al. [8] . Briefly, the pancreatic stent was incised as a 1 cm piece under sterile conditions and divided horizontally. The stent, along with the encrusted sludge, was put into a 1.5 ml capacity centrifuge tube containing 500 µl of 0.5M sodium hydroxide. This was incubated in an 80 C shaking water bath for 30 min and then centrifuged at 4238 g at 4 C for 15 min. The supernatant obtained was shifted to another micro-centrifuge tube. Then 50 µl of this supernatant was put into a test tube containing 1 ml reagent (CuSO 4 Á5H 2 O and sodium tartrate) and incubated for 5 min at room temperature. The absorbance at 620 nm was read using a colorimeter (Electronics India) with bovine serum albumin as the standard.
Polysaccharide quantification was performed using the anthrone method [5] . In brief, a 1 cm piece of the pancreatic stent prepared as described above was placed in a 1.5 ml centrifuge tube containing 500 µl of 1 N sodium hydroxide and incubated in a shaking water bath at 80 C for 30 min. Centrifugation was carried out at 4238 g and 500 µl supernatant was put into another centrifuge tube. To this 500 µl distilled water and 4 ml of 0.2 % anthrone reagent in concentrated sulfuric acid was added. After thorough mixing, incubation was performed in a boiling water bath for 10 min, followed by cooling to room temperature. The absorbance was read at 620 nm using a colorimeter (Electronics India) with glucose (1 mg 10 ml
À1
) as the standard.
Bacterial identification
The bacteria in the biofilms from the pancreatic stents were molecularly identified by culturing a piece of the stent along with the encrusted material both aerobically and anaerobically. Briefly, for the aerobic culture, the central part of the pancreatic stent was incubated at 37 C in brain heart infusion for 48 h. For the anaerobic culture, the piece of pancreatic stent was similarly incubated in Brucella broth at 37 C for 96 h under anaerobic conditions using a Gas-Pak system. The growth was used to extract DNA by the phenol-chloroform method. For the detection of known bacteria responsible for the biofilm formation in the stents, PCR was carried out using the 16S rRNA gene-specific primers as described earlier [7] . The generated amplicons were stained with ethidium bromide and matched with a database of known sequences. Standard strains (positive controls) for common bacteria were obtained from the Microbial Type Culture Collection, Institute of Microbial Technology, Chandigarh, India.
Unknown bacteria in the stents were identified by using density gradient gel electrophoresis and subsequent sequencing. Briefly, multiple copies of the 16S rRNA genes of bacteria were created by PCR using universal primers for the DNA extracted from the culture broth. The universal primers (which identify most bacteria [9] ) that we used used to amplify the variable regions (V3 to V5) were 341F (5¢-CCT ACG GGA GGC AGC AG-3¢) with a 40 bp GC sequence clamped to its 5¢ end (5¢-CGC CCG CCG CGC CCC GCG CCC GTC CCG CCG CCC CCG CCC G-3¢) and 907R (5¢-CCG TCA ATT CMT TTG AGT TT-3¢).
Touchdown PCR [10] was performed in an Eppendorf thermocycler as described earlier [7] . A density gradient gel electrophoresis system (D-Code, BioRad, USA) was used for the preparation and loading of the gels. Bands (different from the commonly known bands) were cut, sequenced commercially (Chromous Biotech, Bengaluru, India) and analysed using standard nucleotide BLAST.
Outcome measures
The outcome measures were the quantification of the proteins and polysaccharides in biofilms from pancreatic stents and the identification of their relation with age, gender, presence of cholangitis, indications for stenting, stent sizes and stent indwelling time. The detection of microorganisms by both PCR and sequencing was also carried out.
Statistical analysis
All data were entered on a computer using Microsoft Excel and analysed statistically using SPSS software version 20.0 (IBM Corp., USA). Quantitative data were expressed as mean, standard deviation (SD) and range. A non-parametric chi-squared test was used to make comparisons between the following factors: gender, age, presence of cholangitis, indications for stenting, stent size and duration of indwelling stents. The correlation values for protein and polysaccharide in relation to different variables were calculated using the Spearman correlation method. A P value of <0.05 was taken as significant.
RESULTS
Patient and stent characteristics
During the study period 66 pancreatic stents were placed in patients who were having a biliary sphincterotomy for prophylaxis against post-ERCP pancreatitis. Of these, 28 stents had migrated within 2 weeks and only 7 were retrieved endoscopically. Pancreatic stents were also placed in another 26 patients for pancreatic ductal leaks. Of these, 9 stents had migrated after 3 months and 17 patients came for retrieval. Thus, a total of 24 (7+17) stents were retrieved for investigation. None of the 24 patients in question had a pancreatic sphincterotomy. The characteristics of these 24 patients and their retrieved stents are given in Table 1 . All of the stents were polyethylene straight stents (5-9 cm in length) (Wilson Cook, Salem, USA) with sizes of 5 Fr (n=5) or 7 Fr (n=19).
Microbiological analysis
Polymicro-organisms were detected by PCR in 95.8 % of the stents. In descending order, the bacteria identified by PCR were Pseudomonas (n=8), Staphylococcus (n=8), Serratia (n=5), Aeromonas (n=4), Proteus (n=4), Klebsiella (n=4), Escherichia coli (n=4), Enterococcus (n=4), Streptococcus (n=4), Citrobacter (n=3), Bacillus (n=2), Enterobacter (n=1), Vibrio (n=1) and Clostridium (n=1). Much of the annotated sequenced DNA has been deposited with GenBank at the National Center of Biotechnology, USA. Table 2 provides the complete profile of the bacteria detected in the biofilms by PCR alone and by touchdown PCR/sequencing, together with their accession numbers.
Biofilm proteins and polysaccharides and their relationship with predisposing factors
The quantity of proteins in the biofilm ranged from 0.001 to 1.21 mg ml À1 with a mean of 0.585±0.29 mg ml À1 and the quantity of polysaccharides ranged from 0.013 to 0.103 mg ml À1 with a mean of 0.054±0.03 mg ml À1 (Fig. 1) . The biofilm constituents were analysed comparatively for the following factors: the gender and age of the patients, presence of cholangitis, indications for stenting, stent size and duration of indwelling stents. No significant differences were observed in the quantity of proteins and polysaccharides for the different predisposing factors, with the exception of patient age, where age >50 years was found to be a significant (P=0.013) factor for protein deposition in the biofilms. The relationship of biofilm proteins and polysaccharides with various predisposing factors is expressed in Table 3 .
The correlation values for the biofilm constituents and different variables are presented in Table 4 .
DISCUSSION
In recent times there has been an increase in the incidence of pancreatitis, particularly due to gall stone disease and alcohol abuse [11, 12] . Pancreatic duct stenting has an important role in endoscopic therapy for the management of pancreatic diseases. In the present study, the underlying indications for stent insertion were bile duct stone prophylaxis against post-ERCP pancreatitis (n=7) and pancreatic ductal leaks (n=17), with a mean insertion duration of 103 days. Polymicro-organisms were detected by PCR in 95.8 % of the stents and several other organisms were also identified by sequencing. Even though no significant differences were observed in the quantity of proteins and polysaccharides (P=0.933) for the factors gender, presence of cholangitis, indications for stenting, stent sizes and duration of indwelling stents, age above 50 years was found to be a significant (P=0.013) factor for protein deposition.
Pancreatic stenting is indicated in patients with pancreatic ductal leaks and strictures, and for prophylaxis of post-ERCP pancreatitis. For strictures, large diameter stents (!10 Fr) are used, while for other indications 5 Fr and 7 Fr stents are used. The duration of stent insertion depends on the indication; for strictures, stents are placed for many months, while for ductal leaks and post-ERCP pancreatitis prophylaxis, shorter indwelling times are required. Hill et al. [1] suggested that stent insertion beyond 7-10 days can induce colonization by bacteria. Stents can become occluded because of biofilm formation. Therefore, for longer indwelling times, stents need to be exchanged periodically. The actual duration that leads to occlusion by biofilm formation has not yet been investigated. Stents have been left in situ for 6 months and multiple exchanges of stents are required when therapy has to continue for longer periods [2] .
In the present study, despite the fact that smaller-diameter stents (n=5, 5Fr; n=19, 7Fr) were used, there were no significant differences in the amount of protein deposition, which Indications for stenting (n=24)
Prophylactic against post-ERCP pancreatitis n=7
Therapeutic for ductal disruption of stricture n=17
Size of stents (n=24)
Fr n=5
Fr n=19
Length of stents 5 cm n=7
7-9 cm n=17
is the key element for the initiation of biofilm formation. Similarly, when the quantity of polysaccharides was compared between 5 Fr and 7 Fr stents, no significant difference was found between the two stent sizes.
When in situ placement is prolonged, the risk of polyethylene stent occlusion by biofilms increases [13] . However, in the present study, when the quantity of proteins and polysaccharides was compared between stents kept for <1 month and those kept for >1 month, no significant difference (P=0.750; P=0.758 respectively) was observed. This was in complete contrast to an earlier observation [7] , where the deposition of proteins or polysaccharides in biliary stent biofilms was significantly greater for longer duration in situ stents compared to shorter duration ones.
When we compared different genders and ages in relation to the quantity of proteins and polysaccharides in the biofilms, we found that there were no significant differences between males and females, but being aged above 50 years was found to be a significant factor (P=0.0134) in relation to proteins in the biofilms, thereby suggesting that advanced age is a risk factor for the deposition of biofilm proteins. However, there was no significant difference in the amount of polysaccharides between the two age groups. An indication for stenting was also not a significant factor.
It is believed that biofilm formation begins when unicellular bacteria join to form a community that is attached to a solid surface and then enclosed in an exopolymeric substance that consists mainly of proteins and different extracellular polymers [14] . The proposed mechanism of biofilm formation initiates with the priming of the stent surface with proteins followed by bacterial adherence. Bacterial adherence is assisted by flagella and pili in Gram-negative organisms [15] and surface proteins in Gram-positive organisms [16] . The polysaccharide milieu entraps the micro-organisms, along with other materials, such as lipids and DNA, giving rise to the mature biofilm [13, 17] .
In cholangitis patients, these factors are prominent and therefore the chances of biofilm formation and stent occlusion are higher. In the current study, no significant differences were observed in the protein (P=0.453) and polysaccharide (P=0.259) concentrations of the biofilms in stents placed in patients with jaundice/cholangitis and those without jaundice/cholangitis.
The clinical implications of biofilm formation in pancreatic stents are the growth of resistant micro-organisms that can subsequently increase the risk of infections as well as medical costs. Kozarek et al. [18] reported contamination of the pancreatic ductal system by enteric flora in all 36 patients with pancreatic stents. Noor et al. The strengths of our study are the fact that it has evaluated protein and polysaccharide concentration in pancreatic stent biofilms for the first time, and that it has used PCR and sequencing for microbial identification. There are a few limitations, however. The indications of stenting were limited to prophylaxis of post-ERCP pancreatitis, and to ductal leaks. We did not have any patients with ductal strictures or dilations. We also did not correlate the length of the retrieved stents with the biofilm constituents or the micro-organisms identified. The type of total protein/polysaccharide concentration in the biofilm is largely dependent on specific bacterial species, but the host could also contribute to this. There could be some correlation between age and the bacterial species causing biofilm formation in the stents. However, since a large number of bacteria/bacterial species were detected, it is difficult to point out any specific bacteria. It is also not clear from the present study if any host proteins were involved, or whether the bacteria identified were the main biofilm-formers or they were coincidentally trapped in the biofilms; particularly because the micro-organisms were not quantified. Moreover, because of the culture-dependent method used, many non-culturable bacteria that could have been involved may not have been detected.
To conclude, in the present study, polymicrobial organisms were identified in the majority of the biofilms in pancreatic stents, and the stents removed from patients aged above 50 years showed a significantly enhanced quantity of proteins. The indwelling stents were retrieved after a long time as the patients failed to show up until they had developed complications. Timely retrieval of the pancreatic stents, particularly in patients aged >50 years, may help to prevent the development of biofilms. As proteins and polysaccharides help in the proliferation of biofilms, better understanding of these constituents in biofilm formation in pancreatic stents can help in developing strategies for the prevention of biofilm formation.
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